
M
ar

ti
n 

W
eg

ne
r:

 L
3 

M
uo

nT
ri

gg
er

L
3 

A
lg

or
it

hm
s 

M
ee

ti
ng

 J
an

 2
9 

20
03

1

L
ev

el
 3

 M
uo

ns
- 

L
oc

al
 f

ilt
er

 a
nd

 C
en

tr
al

M
at

ch
 f

ilt
er

-

M
ar

tin
 W

eg
ne

r,
 R

W
T

H
 A

ac
he

n

L3
 A

lg
or

ith
m

s 
M

ee
tin

g,
 J

an
 2

9 
20

03



M
ar

ti
n 

W
eg

ne
r:

 L
3 

M
uo

nT
ri

gg
er

L
3 

A
lg

or
it

hm
s 

M
ee

ti
ng

 J
an

 2
9 

20
03

2

� R
un

 1
63

07
8

� S
pe

ci
al

 r
un

 w
ith

 

� ex
cl

us
iv

el
y 

m
uo

n 
tr

ig
ge

rs
 a

t L
1

� va
rio

us
 c

om
bi

na
tio

ns
 o

f L
2 

an
d 

L3
 m

uo
n 

tr
ig

ge
rs

� 4
20

00
 e

ve
nt

s 
re

co
ns

tr
uc

te
d.

� J/
 e

ve
nt

s 
(r

un
s 

15
18

31
...

15
64

71
)

� P
ic

ke
d 

di
-

 s
am

pl
e 

by
 th

e 
"t

ra
ck

in
g 

ta
sk

 fo
rc

e"
 

(3
09

38
 e

ve
nt

s)

� Z
 e

ve
nt

s
  (

ru
ns

 1
46

38
1.

..1
66

78
2)

� P
ic

ke
d 

di
-

 e
ve

nt
s 

w
ith

 p
T
>1

0G
eV

 (
17

94
 e

ve
nt

s)

A
ll 

ev
en

ts
 h

av
e 

be
en

 r
e-

re
co

ns
tr

uc
te

d 
an

d 
"T

rig
S

im
"e

d 
w

ith
 p

13
.0

4.
00



M
ar

ti
n 

W
eg

ne
r:

 L
3 

M
uo

nT
ri

gg
er

L
3 

A
lg

or
it

hm
s 

M
ee

ti
ng

 J
an

 2
9 

20
03

3

�
�

� �
�	�



��


� 
�

� M
uo

ns
 w

ith
 p

T<
4G

eV
 a

re
 

fil
te

re
d 

ou
t b

y 
th

e 
iro

n 
be

tw
ee

n 
A

 a
nd

 B
 la

ye
r

� F
or

 p
T
>4

 G
eV

 th
e 

sp
ec

tr
um

 
sh

ow
s 

a 
st

ro
ng

 
ex

po
ne

nt
ia

l d
ec

lin
e



M
ar

ti
n 

W
eg

ne
r:

 L
3 

M
uo

nT
ri

gg
er

L
3 

A
lg

or
it

hm
s 

M
ee

ti
ng

 J
an

 2
9 

20
03

4

�
�� �

���
�� �
��

�
�
�

�
�
�
�	�
�

� �
�

R
es

ol
ut

io
n 

of
 L

3M
uo

Lo
ca

l:

�

ba
d 

fo
r 

p
T<

3.
5 

G
eV

(a
s 

ex
pe

ct
ed

)

�

ra
is

in
g 

fr
om

 

� 0.
2 

@
3.

5G
eV

 to
 

� 0.
6 

@
20

G
eV

R
es

ol
ut

io
n 

of
 L

3C
en

tr
al

M
at

ch
�
fo

r 
1.

5G
eV

 <
 p

T
 <

 8
G

eV
co

ns
ta

nt
 a

t 

� 0.
05



M
ar

ti
n 

W
eg

ne
r:

 L
3 

M
uo

nT
ri

gg
er

L
3 

A
lg

or
it

hm
s 

M
ee

ti
ng

 J
an

 2
9 

20
03

5

�
� 
 !
"#%$

�&
')(
 '
!
�& *
+,

- A
ll 

ef
fic

ie
nc

ie
s 

ar
e 

w
ith

 
re

sp
ec

t t
o 

m
ed

iu
m

 o
ffl

in
e 

m
uo

ns
 .

- L
3M

uo
Lo

ca
l 

w
ith

ou
t p

T
 c

ut
s

 
re

ac
he

s 
a 

pl
at

ea
u 

ef
fic

ie
nc

y 
of

 
. 94

%
   

(|
|<

2.
0)

- W
ith

 in
cr

ea
si

ng
 p

T
 c

ut
 th

e 
ed

ge
s 

of
 th

e 
cu

rv
es

 "
w

as
h 

ou
t"

- H
ig

he
r 

p
T
 c

ut
s 

lo
w

er
 th

e 
pl

at
ea

u 
ef

fic
ie

nc
y 

si
gn

ifi
ca

nt
ly

 (
 

pl
at

ea
u
 <

 4
0%

 fo
r 

p
T

cu
t =

10
 G

eV
)

D
ec

lin
e 

at
 lo

w
 p

T
 is

 u
nd

er
st

oo
d

(A
nd

 n
eg

le
gi

bl
e 

in
 a

bs
ol

ut
e 

nu
m

be
rs

.)



M
ar

ti
n 

W
eg

ne
r:

 L
3 

M
uo

nT
ri

gg
er

L
3 

A
lg

or
it

hm
s 

M
ee

ti
ng

 J
an

 2
9 

20
03

6

/ 0
12

3 / 4
/5
6
7
10
8
3 2

1
4
/ 7

19
3

9 / 0
19

:

 
 

 p
la

ne
 

x-
z 

pl
an

e
bl

ue
: 

A
-l

ay
er

re
d:

   
B

C
-l

ay
er



M
ar

ti
n 

W
eg

ne
r:

 L
3 

M
uo

nT
ri

gg
er

L
3 

A
lg

or
it

hm
s 

M
ee

ti
ng

 J
an

 2
9 

20
03

7

;
<=
> ?
@	A
BC
B@ED
F
<A?
G= ?
D
<A
H>
I

- A
ll 

ef
fic

ie
nc

ie
s 

ar
e 

w
ith

 
re

sp
ec

t t
o 

 
m

ed
iu

m
 o

ffl
in

e 
m

uo
ns

 w
ith

 m
at

ch
in

g 
ce

nt
ra

l 
tr

ac
k

.

- L3
M

uo
C

en
tr

al
M

at
ch

 
w

ith
ou

t 
p

T
 c

ut
s

 r
ea

ch
es

 a
 p

la
te

au
 

ef
fic

ie
nc

y 
of

 

. 85
-9

0%
(F

or
 c

om
pa

ris
on

: L
3G

tr
 w

/o
 

m
at

ch
in

g:

. 96
%

)
- S

te
ep

 e
dg

es
 o

f t
he

 tu
rn

-o
n 

cu
rv

es
 p

ro
vi

de
 a

 
sh

ar
p 

p
T

 c
ut

.



M
ar

ti
n 

W
eg

ne
r:

 L
3 

M
uo

nT
ri

gg
er

L
3 

A
lg

or
it

hm
s 

M
ee

ti
ng

 J
an

 2
9 

20
03

8

J K
J
L K
J
M
J

NO P
QR
OQ
MS

T S
ou

rc
es

 o
f i

ne
ffi

ci
en

cy
 a

t 
L3

M
uo

C
en

tr
al

M
at

ch
:

� L
3M

uo
Lo

ca
l:

  4
.5

%

� M
at

ch
in

g:
  2

.9
%

� p
T
 d

et
er

m
in

at
io

n:
  1

.2
%

� T
ra

ck
in

g:
 

  4
.3

%

� S
U

M
:

12
.9

%

S
ou

rc
es

 o
f I

ne
ffi

ci
en

cy

M
uo

Lo
ca

l
M

at
ch

in
g

pT T
ra

ck
in

g



M
ar

ti
n 

W
eg

ne
r:

 L
3 

M
uo

nT
ri

gg
er

L
3 

A
lg

or
it

hm
s 

M
ee

ti
ng

 J
an

 2
9 

20
03

9

U V
W
X Y

W

ZY
[X
[Y
\

U\E]

W
^

_ T
he

 d
iff

er
en

ce
 o

f "
de

te
ct

or
" 

 (
i.e

. t
he

 h
 fr

om
 (

0,
0,

0)
 to

 th
e 

tr
ac

k'
s 

lo
ca

tio
n 

in
 th

e 
A

-la
ye

r)
 

an
d 

"p
hy

si
cs

" 
 is

 a
 (

ro
ug

h)
 

m
ea

su
re

 fo
r 

w
he

th
er

 a
 tr

ac
k 

po
in

ts
 to

 th
e 

pr
im

ar
y 

ve
rt

ex

_ O
bv

io
us

ly
 th

os
e 

lo
ca

l t
ra

ck
s 

fo
r 

w
hi

ch
 n

o 
m

at
ch

in
g 

ce
nt

ra
l 

tr
ac

k 
w

as
 fo

un
d 

ar
e 

m
uc

h 
m

or
e 

sk
ew

 th
an

 th
e 

ot
he

r 
on

es
.

no
t 

m
at

ch
ed

m
at

ch
ed



M
ar

ti
n 

W
eg

ne
r:

 L
3 

M
uo

nT
ri

gg
er

L
3 

A
lg

or
it

hm
s 

M
ee

ti
ng

 J
an

 2
9 

20
03

10

`a
` b
cdfe
ge

h
i
je
e b
kl
k
g

i
je

`
gc	m
kl
kc b

L3
 lo

ca
l  

re
je

ct
io

ns
 w

ith
ou

t c
ut

:

�

1.
1 

w
rt

. L
2 

m
ed

iu
m

�

1.
6 

w
rt

. L
2 

lo
os

e

�

2.
3 

w
rt

. L
1 

tig
ht

 s
ci

nt
.

L3
 C

M
 r

ej
ec

tio
ns

 w
ith

ou
t c

ut
:

�
1.

7 
w

rt
. L

2 
m

ed
iu

m

�
2.

7 
w

rt
. L

2 
lo

os
e

�

4.
5 

w
rt

. L
1 

tig
ht

 s
ci

nt
.

n T
he

 r
ej

ec
tio

n 
in

 th
e 

fo
rw

ar
d

 r
eg

io
n 

fo
r 

hi
gh

 p
T 

is
 h

ig
he

r 
by

 a
 fa

ct
or

 o
f 1

.5
-2

 
co

m
pa

re
d 

to
 th

e 
ce

nt
ra

l r
eg

io
n



M
ar

ti
n 

W
eg

ne
r:

 L
3 

M
uo

nT
ri

gg
er

L
3 

A
lg

or
it

hm
s 

M
ee

ti
ng

 J
an

 2
9 

20
03

11

oqp

rs t

o u
vxw
y z
w

{ w
|v

o s t

} T
w

o 
lo

os
e 

L3
 m

uo
ns

 w
ith

 n
o 

co
m

m
on

 h
its

 r
eq

ire
d

} T
he

 p
T
 c

ut
 w

as
 a

pp
lie

d 
to

 
on

e
 o

f t
he

m
 



M
ar

ti
n 

W
eg

ne
r:

 L
3 

M
uo

nT
ri

gg
er

L
3 

A
lg

or
it

hm
s 

M
ee

ti
ng

 J
an

 2
9 

20
03

12

T H
ow

 d
o 

J/
 a

nd
 Z

->
 E

ve
nt

s 
w

ith
 o

ur
 tr

ig
ge

rs
?



M
ar

ti
n 

W
eg

ne
r:

 L
3 

M
uo

nT
ri

gg
er

L
3 

A
lg

or
it

hm
s 

M
ee

ti
ng

 J
an

 2
9 

20
03

13

~~ �
��
� �
�
�~
�
��
� �
��

� �

�
�
�

m
uo

n 
ef

fic
ie

nc
y 

in
 Z

-P
ea

k:
   

�)� �
� ���

 
pe

r 
�

����
�����
����� � �
�

� N
o 

cu
t:

 9
9.

7%
96

.8
%

94
.5

%

� p
Tcu

t =
  5

G
eV

: 
99

.4
%

90
.2

%
92

.3
%

� p
Tcu

t =
10

G
eV

: 
97

.0
%

80
.8

%
82

.7
%

� p
Tcu

t =
15

G
eV

: 
94

.5
%

73
.0

%
76

.5
%

� p
Tcu

t =
20

G
eV

: 
89

.6
%

61
.4

%
67

.7
%

� E
ve

n 
w

ith
 o

ur
 li

m
ite

d 
lo

ca
l p

T 
re

so
lu

tio
n 

w
e 

co
ul

d 
ap

pl
y 

a 
20

 G
eV

 c
ut

 a
t L

3 
an

d 
w

ou
ld

 s
til

l k
ee

p 

�  9
0%

 o
f t

he
 Z

s
(B

ut
 g

ai
n 

a 
re

je
ct

io
n 

of
 2

5)

T
h

e 
"c

al
cu

la
te

d
" 

ef
fi

ci
en

ci
es

 a
re

 o
b

ta
in

ed
 f

ro
m

 
th

e 
"1

 o
u

t 
o

f 
2"

 e
ff

ic
ie

n
ci

es
 w

it
h

 t
h

e 
as

su
m

p
ti

o
n

 
o

f 
st

o
ch

as
ti

ca
l i

n
d

ep
en

d
en

ce
.



M
ar

ti
n 

W
eg

ne
r:

 L
3 

M
uo

nT
ri

gg
er

L
3 

A
lg

or
it

hm
s 

M
ee

ti
ng

 J
an

 2
9 

20
03

14

   ¡£¢
¡
¤ ¥¢

¦ 
§
¨¦
¤ ¥
©«ª
¬
¬© ¢

¡ ¥

®
¤ ¬

¯ A
 C

en
tr

al
M

at
ch

 F
ilt

er
 w

ith
 p

T>
5G

eV
 c

ut
 w

ou
ld

 k
ee

p 
92

.4
%

 o
f t

he
 

Z
s 

an
d 

ga
in

 a
 r

ej
ec

tio
n 

of
 1

1 
(w

rt
. L

3M
0)

m
uo

n 
ef

fic
ie

nc
y 

in
 Z

-P
ea

k:
   

1 
ou

t o
f 2

pe
r 

m
uo

n
(m

ea
su

re
d)

� N
o 

cu
t:

92
.4

%
74

.3
%

� p
Tcu

t =
  5

G
eV

: 
92

.4
%

73
.4

%

� p
Tcu

t =
10

G
eV

: 
92

.2
%

72
.9

%

� p
Tcu

t =
15

G
eV

: 
90

.9
%

72
.1

%



M
ar

ti
n 

W
eg

ne
r:

 L
3 

M
uo

nT
ri

gg
er

L
3 

A
lg

or
it

hm
s 

M
ee

ti
ng

 J
an

 2
9 

20
03

15

°±

² °
³³
±µ´
± ² ¶
´

± ¶

·

² ¸

m
uo

n 
ef

fic
ie

nc
y 

in
 J

/
-P

ea
k:

 

"o
ne

 o
ut

 o
f t

w
o"

 

¹

L3
M

uo
Lo

ca
l:

96
.7

%

¹

L3
M

uo
C

en
tr

al
M

at
ch

:
81

.9
%

pe
r-

m
uo

n 
ef

fic
ie

nc
y:

M
ea

su
re

d 
"

pe
r 

m
uo

n
" 

ef
fic

ie
nc

y 
: 

¹

L3
M

uo
Lo

ca
l:

96
.0

%

¹
L3

M
uo

C
en

tr
al

M
at

ch
:

70
.1

%
º th

eo
re

ti
ca

l "
on

e 
ou

t o
f t

w
o"

 
ef

fic
ie

nc
ie

s:
 

99
.8

%
 (

L3
L0

) 
re

sp
. 9

1.
0%

 (
L3

C
M

)

º P
ro

ba
bi

lit
ie

s 
to

 fi
nd

 b
ot

h 
m

uo
ns

 
w

ith
 L

3M
uo

C
en

tr
al

M
at

ch
 a

re
 

n
o

t 
st

o
ch

as
ti

ca
lly

 in
d

ep
en

d
en

t.



M
ar

ti
n 

W
eg

ne
r:

 L
3 

M
uo

nT
ri

gg
er

L
3 

A
lg

or
it

hm
s 

M
ee

ti
ng

 J
an

 2
9 

20
03

16

»¼
½

¾
»¿µÀ

»¼EÁ
¿ À

Â

Ã C
om

pa
re

d 
to

 
on

ly
 r

eq
ui

rin
g 

a 
L3

 G
lo

ba
l T

ra
ck

 w
e 

ga
in

 a
 

fa
ct

or
 o

f 
1.

5-
2.

2 
 w

rt
. L

2M
0 

w
ith

 L
3C

M

Ã C
om

pa
re

d 
to

 
in

d
ep

en
d

en
tl

y 
ad

d
in

g
 a

 L
3 

G
lo

ba
l T

ra
ck

 
re

qu
ire

m
en

t w
e 

ga
in

 a
 fa

ct
or

 
of

 1
.6

-2
.8

 w
rt

. L
2M

0
 (

1.
4-

2.
2 

w
rt

 L
2L

0)
 in

 r
ej

ec
tio

n 
by

 
m

at
ch

in
g

 th
e 

tr
ac

k
Ã S

in
ce

 th
e 

lo
ss

 o
f e

ffi
ci

en
cy

 
is

 o
nl

y 

Ä 10
%

 th
is

 m
ea

ns
 a

 
de

fin
ite

 
im

pr
ov

em
en

t o
f 

pu
rit

y


